Abstract The objective of this study was to determine the effects of powdered leaves of lotus (LP), shepherd's purse (SP) and goldenrod (GP) on oxidation stability and quality characteristics of cooked duck/pork patties. Fresh duck tenderloin (M. pectoralis) and pork meat (M. biceps femoris, semitendinosus, and semimembranosus) were ground, formulated with LP, SP, GP or butylated hydroxytoluene (BHT), and mixed with other non-meat ingredients. The manufactured patties were cooked, packaged, and stored at 3°C for 4 weeks. The patties containing 1% of LP, SP and GP had significantly lower values in redness, thiobarbituric acid reactive substances, conjugated dienes and total volatile basic nitrogen compared to control. No significant differences in sensory tenderness between the control and treated samples were observed. Addition of LP had a similar warmed-over flavor extent compared to patties with BHT. These results indicate that incorporation of the natural leaves could effectively inhibit oxidation and maintain freshness of cooked patties without any detrimental effects on sensory attributes during storage.
Introduction
There has been a growing interest in manufacturing duck meat-based processed meat products mainly due to its nutritional value and unique organoleptic characteristics (Liao et al. 2010) . Especially, restructured duck/pork patties are sold in demand market in Asian country. In general, duck meat contains more than 70% of unsaturated fatty acids (Park et al. 1986 ) and essential amino acids, such as lysine (2.19%), valine (1.29%), isoleucine (1.22%), and methionine (0.56%) (Genchev et al. 2008) , however the proximate composition can be changed depending on age, sex, feed, and so on (Poole et al. 1999 ). However, the high contents of unsaturated fatty acids could result in oxidative quality defects of the duck meat products during further processing and/or storage periods (Park, et al. 1986) . A study found that ground duck meat had five times higher extent of lipid oxidation than that of ground chicken meat when thermally treated at 80°C (Hoac et al. 2006) .
Lipid oxidation of meat products induced by a thermal treatment and its subsequent adverse impacts on flavor and nutritive value have been well documented (Serpen et al. 2012 ). The addition of antioxidants to meat products could prevent or delay the oxidation process and production of toxic compounds during processing, such as cooking and storage (Cosio et al. 2006) . Synthetic antioxidants such as butylhydroxytoluene (BHT), buthylhydroxyanisole (BHA) and tert-butylhydroquinone (TBHQ) have been used in food industry for many years. However, due to potential health problems associated with using synthetic antioxidants (Armitage et al. 2002) , the application of natural antioxidants (mostly originated from plant, grains or fruits) in meat products has been extensively studied (Shah et al. 2014 ) and practiced in the meat industry.
It has been reported that the lotus leaf powder (LP), one of the widely cultivated plants in Asia (Kim and Park 2008) contains natural potent antioxidants, including phenolic acids and flavonoids, whilst exhibiting functional properties, such as anticancer and antimicrobial activities (Lee and Lee 2006; Jeong et al. 2010) . Furthermore, the leaf powders of shepherd's purse (Capsella bursa-pastoris, SP) and goldenrod (Solidago virgaurea, GP) were found to have some antioxidants, such as polyphenols and vitamin A (Hong et al. 1994) . Although the antioxidant properties of LP in various meat products, including both fresh and cooked products, have been previously studied (Choe et al. 2011; Huang et al. 2011) , there has been very little research reported on antioxidant activities of GP and SP in the processed meat application. Given the known general antioxidant properties of GP and SP, it would be reasonable to hypothesize that the addition of GP and/or SP into meat products could minimize oxidation related quality defects of the meat products (particularly products containing high unsaturated fatty acids, like duck meat) during further processing and/or storage periods. Therefore, the objective of the present study was to evaluate the antioxidant effects of the LP, SP and GP on cooked restructured duck and pork patties prepared according to commercial practices and stored refrigerated.
Materials and methods
Preparation of powdered leaves of lotus, shepherd's purse, and goldenrod
The LP, SP and GP (free-radical scavenging activity: 92.8, 85 and 88% at concentration of 5 mg/ml, respectively) were purchased from a local market (Seoul, Korea). The leaves were thoroughly washed with water, chopped, and dried in a hot air dryer (Enex-Co-600, Enex, Koyang, Korea) at 50°C for 15 h. They were pulverized with a blender (KA-2610, Jworld Tech, Ansan, Korea) for 30 s, ground with a screen to pass through a 35-mesh sieve, and stored at -20°C until use.
Preparation of duck/pork patties
Fresh duck tenderloin (4.5 kg) (M. pectoralis minor) and pork meat (3.5 kg) (M. biceps femoris, M. semitendinosus, and M. semimembranosus) at 48 h postmortem were purchased from a local meat purveyor. All subcutaneous, intramuscular fat and visible connective tissues were removed from the fresh pork. The duck and pork restructured cooked patties were produced to the following formulation: 55% duck meat, 35% pork meat, 10% ice, 5.8% soy sauce, 1% isolated soybean protein, 1% sugar, 0.5% nitrite pickled salt (salt:nitrite = 99.4:0.6), 0.5% onion powder and 0.1% black pepper. The duck tenderloin and lean pork meat were ground through a 3 mm plate, and then mixed with ice and salt. The lotus leaf powder (LP), shepherd's purse (SP) and goldenrod leaf powder (GP) were added at 1%, and butylated hydroxytoluene (BHT) at 0.02% into the ground duck/pork meat (LPP, SPP, GPP and BHTP, respectively). These percentages were based on the weight of duck/pork restructured meat without antioxidant powder. Samples were mixed using Kneader mixer 1305 (Thermometer, Mainca, Barcelona, Spain) for 5 min. Then, the mixed meat was weighed (120 ± 1 g) and formed (diameter: 100 mm, thickness: 20 mm) using a patty mold (PM 10/13 ground press, AB Services Food Machinery, Coventry, England). The formed mixed meat were placed in a mold and cooked at 170°C in a convection oven (Convotherm OES 6.06 mini, HRS, Eglfing, Germany) until the internal temperature of meat samples reached 75 ± 0.5°C for approximately 30 min, as measured by a temperature probe (RS-232/Data logger 1305 Thermometer, TES, Taishi, Taiwan). The cooked restructured patties on each treatment (control, LPP, SPP, GPP and BHTP) were cooled at room temperature and three patties assigned to each storage sampling day. Then meat samples were placed into PE/nylon film bags and sealed and stored in the dark at 3 ± 1°C for 4 weeks.
Determination of pH values
Following the blending of 5 g of the cooked meat samples with 20 ml of distilled water for 60 s in a homogenizer (Ultra-Turrax SK15, Janke & Kunkel, Staufen, Germany), pH values of the samples were determined using a pH meter (Model 340, Mettler-Toledo GmbH, Schwerzenbach, Switzerland) on a weekly basis for 4 weeks.
Evaluation of instrumental color
The color values (CIE L*, a*, and b*) of cooked patties were measured using a colorimeter (Chroma meter CR-210, Minolta Co., Osaka, Japan; illuminate C, 10°standard observer, calibrated with a white standard plate CIE L* = ?97.83, CIE a* = -0.43, CIE b* = ?1.98, consisting of a measuring area with a 8 mm diameter and an illumination area with a 50 mm diameter). Each patty surface was scanned in two different locations and averaged for further data analysis.
Lipid oxidation

Determination of conjugated dienes (CD)
Lipids were extracted using the method described by Folch et al. (1957) . Conjugated dienes (CD) were determined as outlined by Prasetyo et al. (2008) . Briefly, 15 mg of the extracted lipid samples were placed in a 25 ml volumetric flask and brought to volume with isooctane. Subsequently, the absorbance of the samples was measured against a blank (isooctane) at 234 nm using a UV-Visible spectrophotometer (Libra S22, Biochrom Ltd., Cambridge, England). The concentration of CD was calculated using a molar extinction coefficient of 25,200 M -1 cm -1 and the results were expressed as lmol/mg meat lipid sample.
Determination of thiobarbituric acid reactive substances (TBARS)
Lipid oxidation was assessed using the direct-distillation method as described by Tarladgis et al. (1960) , with minor modifications. Each sample was analyzed in triplicate. Briefly, 10 g of the sample was blended with 50 ml of distilled water prior to homogenization (AM-7, Nihonseiki Kaisha Ltd., Japan) at 10,000 rpm for 2 min and transferred to a distillation flask. The cup used for blending was washed with an additional 47.5 ml of distilled water, which was subsequently added to the same distillation flask containing 2.5 ml of 4 N HCl and a few drops of an antifoaming agent, silicone o/w (KMK-73, Shin-Etsu Silicone Co., Ltd., Seoul, Korea). Then, the mixture was distilled and 50 ml of distillate was collected. Five ml of 0.02 M 2-thiobarbituric acid in 90% acetic acid (TBA reagent) was added to a vial containing 5 ml of the distillate and mixed. The vials were capped and heated in a boiling water bath for 30 min to develop the chromogen and cooled to room temperature. The absorbance was measured at 538 nm (Libra S22, Biochrom Ltd., Cambridge, England) against a blank prepared with 5 ml distilled water and 5 ml TBA reagent. The K value was determined using 1,1,3,3-tetraethoxypropane (Sigma) as the standard and TBARS values were calculated by multiplying the absorbance values by the corresponding K value.
Determination of total volatile basic nitrogen (TVBN)
Total volatile basic nitrogen was determined by the Conway micro diffusion method (PSQ 1980) and the results were expressed as mg N/100 g of sample using following steps: 10 g of meat sample was homogenized with 15 ml of distilled water (DW) for 1 min and then DW was added to bring the volume up to the final 50 ml followed by filtering through Whatman paper no. 1. One milliliter of filtrate was placed in outer well of Conway unit, and 1 ml of 0.01 N H 3 BO 3 and 200 ll of Conway reagent (0.066% methyl red in ethanol: 0.066% bromocresol green in ethanol = 1:1) were added in inner well of Conway unit. The Conway unit was sealed immediately after adding 1 ml of 50% K 2 CO 3 to the outer well. The sealed Conway unit was rotated slowly and incubated at 37°C for 2 h. Then, 0.02 N H 2 SO 4 was added to inner well till the blue color changes to pink for titration.
Determination of shear force
The shear force values of the cooked meat samples were obtained using a texture analyzer (TA-XT2i, Stable Micro System Ltd., Surrey, UK) fitted with a Warner-Bratzler shear attachment. The shear force values were analyzed to obtain the maximum force required to shear through each sample and the results were expressed in Newton (N).
Sensory evaluations
The sensory evaluation was performed by a 24 semitrained panelists. The training of panelists was performed according to Meilgaard, Civille, and Carr (1999) . They were trained using commercial patties in five batches to familiarize them with the general product characteristics to be evaluated. Panelists were instructed to cleanse their palates with water between the samples. The color, tenderness, and warmed-over flavor (1 = extremely undesirable, 5 = moderate, 10 = extremely desirable) of the samples were evaluated using a 10-point descriptive category scale.
Statistical analyses
The experimental design of the current study was a complete randomized block design, where each non-meat ingredient addition was randomly assigned to raw duck/-pork meat mixture processed from a single batch, and the storage time effect was tested within the treatment. The interaction effect between treatment and storage time was considered for pH, CD, TBARS, VBN and shear force values. The experiment was replicated in three different times. Analysis of variance was performed on all the variables measured using the general linear model (GLM) procedure of the SAS statistical package (SAS 2010) . Differences in means between treatments were determined using Duncan's multiple range tests (P \ 0.05).
Results and discussion
Change in pH values
The pH values of cooked duck/pork patties during the refrigerated storage were ranged from 6.06 to 6.21 (Fig. 1) . There was no significant interaction effect between treatment and storage time, but significant main effects (leaf powder addition and storage time) on pH values were found. The pH values of the LP treated meat samples were significantly lower compared to other treatments, which could be due to the presence of organic acids in LP during the entire storage period (Yang et al. 2007 ). The pH values of the SPP and BHTP treated samples were decreased until 2 weeks and then increased until the end of storage (P \ 0.05). Similar trends were reported in a previous study, where pH values increased in cooked meat products with/without BHA or tocopherol with increasing storage time (Aksu and Kaya 2005) .
Change in color evaluation
The color of meat, both fresh and cooked, is an important quality attribute that influences a consumer's purchasing choice. Meat discoloration observed in cooked meat occurs due to the denaturation of protein (mainly myoglobin) by heat (King and Whyte 2006) . Significant main effects (leaf powder addition and storage time) on the color of cooked duck/pork patties were found (Table 1; Fig. 2 ). The addition of leaf powders significantly decreased L* (lightness) values in freshly cooked patties. In general, L* values increased with increasing storage time, except for control (P \ 0.05). Choe et al. (2011) reported similar results where the L* values of cooked ground pork meat samples treated with lotus leaf powder were significantly increased with increasing storage time at 4°C.
Significant increase in b* (yellowness-blueness) values were observed at week 3 or week 4 for LPP and GPP and control and BHTP, respectively, compared with initial one of storage. No significant change in b* value was seen in SPP.
In general, a* values (redness) decreased with storage time (P \ 0.05). The meat samples treated with various leaf powders have lower a* values (P \ 0.05), when compared to control and those treated with BHT throughout the whole storage periods (Fig. 2) . This might be attributed to the strong green pigment of various leaf powders. The highest a* value was found in the BHT and the lowest was found in the GP treated meat samples throughout the entire storage periods. However, the LP and GP showed lower extent of discoloration between initial and end of storage time compared to control. This result might be attributed to the fact that polyphenol of plant powder delay rate of ferrihemochrome formation, that has brown color, by inhibiting oxidation from ferrohemochrome (King and Whyte 2006; van Laack et al. 1996) . Several studies showed that natural antioxidants, such as lotus leaf, grape dietary fiber and rosemary reduce discoloration and inhibit the oxidation of protein between initial and end of storage days on cooked ground meat ( The results of the present study also showed a color stabilizing impact of the addition of LP, SP, and GP on duck/pork patties by minimizing the change of redness during the 4 weeks of storage time.
Change in conjugated dienes (CD) values
Duck meat products are prone to lipid oxidation due to the presence of unsaturated fatty acids (Park et al. 1986 ). Unsaturated fatty acids are liable to intramolecular rearrangements of double bonds, thus producing conjugated dienes (-C=C-C=C-), with low hydrogen donating capacity. Thus, CD concentration indicates the degree of primary lipid oxidation in meat and meat products. A significant interaction effect between leaf powder treatment and storage time on CD values was found as shown in Fig. 3a . At day 0, meat products mixed with LP and SP had significantly lower CD values compared to other treatments. After 1 week of storage, there was a sharp increase in CD of control samples, whereas the meat samples treated with LP maintained the lowest CD values among the treatments until week 2. The meat samples treated with GP, SP and BHT showed similar extent of CD accumulation during storage. Taken together, in general, the addition of LP, SP and GP delayed the accumulation rate of primary lipid oxidation products compared to control. Our findings are in accordance with a previous study by Sampaio et al. (2012) . They reported that the addition of natural ingredients from plants effectively inhibited primary lipid oxidation in cooked meat samples, which were, in turn, associated with the lowest CD values. We also observed that the CD values initially peaked and subsequently declined with increasing storage time, which would likely indicate that the extent of decomposition of secondary products might be much higher than that of the primary products during lipid oxidation. However, no significant differences in CD values were observed between the treatments at week 4. Juntachote et al. (2006) found similar results that at end of storage time, when there was no significant difference in CD values of cooked ground pork added different leaf powders.
Change in thiobarbituric acid reactive substances (TBARS) values
TBARS values have been extensively used to measure the concentration of secondary lipid oxidation products (malondialdehydes) produced by the decomposition of primary lipid oxidation products (Juntachote et al. 2006; Choe et al. 2011) . In the present study, the TBARS values of the meat products significantly increased during the refrigerated storage (Fig. 3b) . There was no significant interaction effect between treatment and storage time in TBARS values. At the initial storage time, no significant differences on TBARS values were observed between the control and treatments (P [ 0.05). However, from week 2, the meat samples treated with LP, SP, and BHT showed significantly lower TBARS values compared to the control and those treated with GP. The rate of increase in TBARS values observed was the highest (39.9%) in control between week 1 and week 2 of refrigerated storage. These results could be associated with the decline in CD values as discussed above. Herein, the meat samples treated with various leaf powders and BHT showed significantly lower TBARS values compared to the control at week 4. Particularly, the addition of LP resulted in the lowest TBARS values among the treatment at week 4 of refrigerated storage. In this study, the addition of LP, SP, GP and BHT led to a decrease in TBARS values stating 83, 62, 54 and 63%, respectively, compared to TBARS values of control at week 4 of storage. These results indicate a strong antioxidant property of LP, SP, and GP against lipid oxidation of restructured duck/pork patties. The observed superior inhibition of LP against lipid oxidation could be due to its high phenolic contents comprised of hyperin, isoquercetin, astragalin, and kaempferol (Ohkoshi et al. 2007 ).
Change in total volatile basic nitrogen (TVBN) values
Proteins in duck meat could be prone to oxidative decomposition by microorganisms or enzymes during storage (Liu et al. 2009 ). As a result, ammonia, trimethylamine (TMA) and dimethylamine (DMA) are produced and can be assayed by VBN content, which could be an indicator determining freshness of meat products (He et al. 2013) .
The TVBN values of duck/pork meat samples ranged from 124.2 to 172.8 mg N/100 g during refrigerated storage for 4 weeks ( Table 2 ). There was no significant interaction between treatment and storage time, but significant main effects (leaf powder addition and storage time) on the TVBN values were observed. At the initial storage time, no differences in the TVBN was found among the treatment except for LPP that had lower TVBN content. However, from week 2-4, treated samples had significantly lower TVBN values than control. Most importantly, at week 4, the TVBN values of restructured duck/pork patties treated with LP and BHT were significantly reduced compared to the other treatments. In this study, these numerical or significant low TVBN values of meat samples with natural powder might be due to the antimicrobial activities of LP, SP and GP, which were reported by previous studies (Li and Xu 2008; Lim and Yum 2009; Starks et al. 2010) . Further studies would be warranted to determine the antimicrobial activity of leaf powders and its subsequent impacts on protein composition of duck/pork restructured meat products.
Change in shear force
The incorporation of various leaf powders affected the shear force values of duck/pork patties during the refrigerated storage for 4 weeks (P \ 0.05; Table 2 ). The meat samples treated with LP, SP, and GP had higher shear force values compared to the control and BHT on day 0, prior to storage. Particularly, the SP addition resulted in the highest shear force value at day 0 (P \ 0.05). The shear force values significantly increased in control as well as in duck/pork patties treated with BHT at week 4 compared to day 0. On the contrary, the LPP, SPP, and GPP treatments had no impact on the shear force of the samples during refrigerated storage period. At week 4, the shear force values of duck/pork patties treated with LP, SP, and GP were significantly lower compared to that of control. However, practically, the observed difference in shear force values between the samples should be considered as marginal (\3 N differences), and thus would not be practically meaningful to affect eating quality attributes (particularly tenderness) of cooked patties (Bickerstaffe et al. 2001) , which were to be discussed in more detail in the following section.
Change in sensory qualities
The sensory properties were partially affected by addition of various leaf powders on duck/pork patties during the refrigerated storage for 4 weeks (P \ 0.05; Table 3 ). No significant differences in color and tenderness were observed between control and various treatments at start and end of storage trials. Also there was no significant difference in tenderness between control and the treatments during the entire of storage time. This result would be likely due to the fact that the panel would not be able to distinguish the observed tenderness difference between 1 and 5 N of duck/pork patties (Bickerstaffe et al. 2001) , as mentioned above section. The sensory panel found an increase in warmed-over flavor of the samples with an increase in storage periods. However, LPP and BHTP exhibited the lowest warmed-over flavor scores at the end of storage (P \ 0.05). This result showed that the incorporation of LP and BHT could delay development of warm-over flavor caused by lipid oxidation, cooking and/or storage.
Conclusion
The results from the current study suggest that incorporation of different leaf powders (LP, SP, and GP) in cooked duck/pork patties, which are prone to oxidative deterioration, substantially inhibited or delayed lipid oxidation and deamination of protein, as indicated by the lower CD, TBARS and TVBN values compared to control. In particular, addition of LP into cooked duck/pork patties had considerably superior anti-oxidation stability based on the observed lower amounts of primary and secondary oxidation products compared to the meat samples treated with BHT. Furthermore, the addition of leaf powders to cooked duck/pork patties was not adversely affected sensory properties. Further studies to assess the underlying mechanism by which specific antioxidant compounds of LP, SP and GP inhibit lipid oxidation and extent of protein decomposition of meat during storage would be warranted.
